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ABSTRACT
THE ROLE OF POTASSIUM IN CARBON DIOXIDE 
METABOLISM, GROWTH AND YIELD OF ALFALFA
by
TIMOTHY REE PEOPLES
It was the purpose of this investigation to study the 
effect of potassium on: growth, yield and carbon dioxide m e ­
tabolism in field grown alfalfa; and on the effect of carbon 
dioxide metabolism, gas diffusion resistance and ribulose 1, 
5-biphosphate carboxylase activity and ribulose 1,5-biphos­
phate carboxylase synthesis in greenhouse grown alfalfa.
In the field, increasing rates of applied potassium had 
no effect on alfalfa dry matter yields during 1975, 1976, 
and 1977. Herbage potassium increased in response to in­
creased applied potassium; however, deficient levels of her­
bage potassium were not observed in the absence of potassium 
fertilizer. Applied potassium and herbage potassium content 
were inversely related to both herbage calcium and magnesium 
content. Analysis of soil exchangeable cations indicated 
that levels of exchangeable calcium and magnesium were con­
stant throughout the three years. Exchangeable potassium 
increased with increased rates of applied potassium. In 
1977, after three years of alfalfa cultivation, exchangeable 
potassium had only been reduced 38% of the initial levels in 
the plots receiving no potassium fertilizer. The alfalfa
x
crop removed sufficient quantities of potassium to com­
pletely deplete the exchangeable potassium in one year; how­
ever, soil levels of exchangeable potassium did not reflect 
this depletion. Analysis of the supplying power of the soil 
in August, 1977, following three years of alfalfa cultiva­
tion, indicated that the soil receiving no potassium ferti­
lizer contained levels of potassium which would be insuffi­
cient for continued optimum growth of alfalfa. The soil 
potassium supplying power was large enough to maintain an 
alfalfa crop producing approximately 7870 kg dry matter/ha.
Increased rates of applied potassium had no effect on 
canopy development in 1976 and 1977. Potassium accumulation 
was increased with increased rates of applied potassium, but 
leaf and stem potassium decreased after 14 days of regrowth. 
Potassium was apparently taken up during the first two weeks 
of regrowth and redistributed during the remainder of the 
regrowth period. Photosynthesis, dark respiration, photo­
respiration, chlorophyll content and ribulose 1,5-biphos­
phate carboxylase activity were not affected by increased 
rates of applied potassium.
In the greenhouse, photosynthesis, photorespiration and 
leaf potassium were significantly reduced by a mild and 
severe potassium deficiency. Dark respiration was signifi­
cantly increased by severe potassium deficiency. Leaf re­
sistance to carbon dioxide diffusion was significantly in­
creased by severe potassium deficiency and mesophyll re­
sistance to carbon dioxide diffusion was significantly
xi
increased by both mild and severe deficiency. Photosystem I 
and II activity and chlorophyll content were not affected by 
mild or severe potassium deficiency. Ribulose 1,5-biphos­
phate carboxylase apparent activity was significantly de­
creased by severe potassium deficiency. The increased mes o ­
phyll resistance was due to a decrease in carbon dioxide 
fixation by ribulose 1,5-biphosphate carboxylase.
In the laboratory, it was determined that ribulose 1,5- 
biphosphate carboxylase synthesis and not activity was re­
duced in potassium deficient leaves. Incorporation of ^ C -  
leucine was stimulated by potassium in potassium deficient 
leaves. Potassium stimulated carboxylase synthesis was sup­
pressed by actinomycin D and cycloheximide, indicating that 
it involved DNA dependent RNA synthesis and subsequent pro­
tein synthesis. Light was shown to be required for synthe­
sis. Decreased synthesis of ribulose 1,5-biphosphate car­
boxylase should result in a decrease in photosynthesis and 
photorespiration as was observed.
xii
INTRODUCTION
Potassium has been associated with severe dry matter 
yield reductions when alfalfa herbage content falls below 
2.0% on a dry matter basis. These reductions have been ob­
served on various soil types and in hydroponic culture and 
are more likely to occur with intensive management. The re­
ductions in dry matter production have been attributed to 
decreased fixation of carbon dioxide. Factors which in­
fluence photosynthesis have been examined in several plant 
species; however, no conclusive evidence has been presented 
as to the mode of action of potassium deficiency in inhibi­
ting photosynthetic carbon fixation.
In this investigation, a series of studies were designed 
to determine the effect of potassium on dry matter produc­
tion, canopy development and carbon dioxide metabolism of 
field grown alfalfa; and on carbon dioxide metabolism, gas 
diffusion resistance, ribulose 1,5-biphosphate carboxylase 
activity and ribulose 1,5-biphosphate carboxylase synthesis 




The role of potassium (K) in plant growth and metabolism 
has been widely investigated. Several reviews of the physio­
logical and biochemical roles of K in higher plants have been 
published (Evans and Sorger, 1966; N a t r , 1972; M o r a r d , 1974). 
Potassium has never been isolated as a constituent of any es­
sential compound within plants. Its principle roles appear 
to be as an activator of numerous enzymes (Evans and Sorger, 
1966) and as an osmoticum for stomatal functioning (Fischer,
1968) .
Potassium usually occurs in higher plants as a soluble 
inorganic salt and is highly mobile in the phloem. Potas­
sium deficiency symptoms are first noted on the older leaves 
and in alfalfa, is characterized by marginal chlorosis of 
older leaves.
Potassium Fertilization
At the present time, muriate of potash (KC1) is the pre­
dominant K fertilizer used on alfalfa. Potassium is also 
supplied as potassium sulfate and potassium nitrate. In the 
soil, K is present in the clay fraction. This IC becomes 
available to the plants in the soil solution by weathering. 
Freezing and thawing (Attoe, 1947) and drying (Fine e_t a l . , 
1942) have been shown to increase the release of K from the 
nonexchangeable-readily available form to the exchangeable 
form. Feuer (1951) examined twelve New Hampshire soil types
3and determined that the level of nonexchangeable-readily 
available soil K (K supplying power) was not related to the 
level of exchangeable K. Potassium fertilization recommen­
dations are based on the exchangeable K fraction of the soil 
and do not take into account the nonexchangeable K fraction. 
The level of nonexchangeable-readily available soil K has 
been shown to be more highly correlated with alfalfa tissue 
K and dry matter yield than exchangeable soil K (Hunter and 
Pratt, 1957). Soils which contain high levels of nonex­
changeable-readily available IC may require prolonged alfalfa 
cultivation in the absence of K fertilization to induce K 
deficiency and yield reductions in alfalfa.
Potassium and Alfalfa Yield
Potassium is present in alfalfa in higher concentrations 
than any other mineral element with the exception of nitro­
gen. Thus, potassium is a key mineral element which may 
limit production of high yielding alfalfa. Under intensive 
management, irrigated alfalfa grown on a sandy loam soil re­
quired the application of 632 kg K/ha/y in order to maintain 
a high yielding stand (Kafkafi et a l . , 1977). The Mediter­
ranean climate allowed for nine harvests of alfalfa per year 
with a yield of 20 to 25 ton/ha. Increasing applied K in­
creased dry matter yields of alfalfa in a linear fashion to 
632 kg K/ha/y, after w h i c h , increases in applied K resulted 
in only slight yield increases. Kafkafi jet a_l. (1977) con­
cluded from this investigation that a.herbage K content of 
2.5% at harvest was required in order to maintain high
yielding alfalfa. At least 632 kg K/ha/y applied K was re­
quired to maintain the recommended herbage K levels on the 
sandy loam soil.
Andrews and Robins (1969) suggested that the critical 
level of alfalfa herbage K was 1.2%. Kimbrough e_t a^ L. (1971) 
suggested that the critical level for alfalfa depended on 
the stage of development, time of cutting and the number of 
cuttings per year. The portion of the plant sampled (Smith, 
1970) and the growth temperature (Smith, 1971) can affect the 
requirement for herbage K. The second harvest requires be ­
tween 2.0 and 3.0% herbage K for maximum yields; while the 
third harvest requires between 3.0 and 4.0% herbage K (Kim­
brough et a l ., 1971). Blaser (1962) recommended a herbage K 
of between 2.0 and 2.5% under an intensive four cut manage­
ment. Herbage K was determined on the upper two-thirds of 
the alfalfa canopy.
Alfalfa dry matter yields have been shown to increase 
with increased K application (Kafkafi e_t a_l. , 1977 ; Rominger 
et a l . , 1976; Smith, 1971). This response to K is linear to 
the critical zone, where any further increases in applied K 
results in only slight increases in dry matter yield. The 
critical zone is defined as the region where a 10% reduction 
in yield occurs.
In the greenhouse and in growth chamber experiments, the 
beneficial effects of K on alfalfa yields have also been ob­
served. Herbage dry matter yields were consistently in­
creased by increased addition of K to the nutrient solution
(Cooper e_t a_l. , 1967). The increase in available K also re­
sulted in an increase in herbage K content. Reid e_t al 
(1965) also demonstrated increased herbage yield with in­
creased K in greenhouse hydroponic studies. The plants re­
sponded with increasing K to a level of 64 ppm, after which 
little increase in yield was observed with increased K. In 
growth chamber studies, Smith (1971) demonstrated increased 
herbage yield with increased K application. MacLeod and 
Bradfield (19 64) determined that an adequate supply of IC was 
required for establishment and maintenance of alfalfa in 
greenhouse experiments. Dry matter yield of alfalfa seed­
lings was increased when germinated in the presence of in­
creased K.
Potassium and Photosynthesis
The effect of K on photosynthesis has been investigated 
in a wide range of plants including: corn (Estes e_t a l . ,
1973; Koch and Estes, 1975; Peaslee and Moss, 1966; Smid and 
Peaslee, 1976; Tanaka and Hara, 1972), sugar beet (Bershtein 
et a l . , 1971; Terry and Ulrich, 1973a, 1973b; Tombesi e_t al^ . ,
1969) , cucumber (Penny £_t a_l. , 1976) , bean (Ozbun e_t a_l. , 
1965a, 1965b) , barley (Natr, 1970) , tung (Loustalot et a JL . , 
1950), kohlrabi (Duffek and Hoffman, 1973), spinach (Bott- 
rill e_t a_l. , 1970) and alfalfa (Cooper et a_l. , 1967) . In 
all cases, K deficiency significantly decreased the rate of 
photosynthesis. Tissue levels of K greater than 2.02% did 
not significantly increase the photosynthetic rate in alfalfa,
similar to alfalfa dry matter responses to K fertilization 
(Cooper e_t a_l. , 1967). Severe reductions in photosynthesis 
were generally associated with visual symptoms of K defi­
ciency; however, photosynthesis was also reduced in leaves 
not having visual deficiency symptoms. This phenomenon is 
termed "hidden hunger" and is thought to be due to the ef­
fect of K deficiency before the visual symptoms are appar­
ent. This phenomenon is also observed in the response of 
dry matter yield to K.
Terry and Ulrich (1973a, b) removed K from the nutri­
ent solution after 28 days of sugar beet growth and ob­
served the effect of increasing K deficiency on growth and 
carbon dioxide metabolism. Translocation of K from the 
older leaves to the younger more rapidly expanding leaves 
occurred when K was withheld. Leaf K levels of less than 
500 meq K/kg resulted in decreased photosynthesis.
The role of K deficiency in reducing photosynthesis 
has been suggested to be primarily an indirect effect.
These effects have been divided into three distinct roles: 
stomatal function, chloroplast function and photosynthate 
translocation (Morard, 1974).
Stomatal Function
Since the role of K in stomatal function was proposed 
(Fischer, 1968), the primary role of K deficiency in photo­
synthetic reductions has been ascribed to the inability of 
stomata to function properly. Koch and Estes (1975)
demonstrated that stomatal resistance to water vapor was 
significantly higher in K deficient corn than in K suffi­
cient plants. The increase in stomatal resistance was not 
associated with a decrease in photosynthesis until 62 days 
after emergence. Potassium deficiency was also associated 
with a decrease in stomatal density and stomatal aperture 
size in alfalfa (Cooper e_t a_l. , 1967). The K deficiency 
and decreased stomatal number and aperture size were asso­
ciated with decreased photosynthesis.
Leaf resistance to carbon dioxide diffusion was in­
creased in K deficient sugar beet (Terry and Ulrich, 1973a, 
b). When sodium ions were present in the nutrient solution, 
leaf resistance increased 16 days after K cutoff (Terry and 
Ulrich, 1973a), but when both sodium and K were absent, leaf 
resistance increased after 8 days (Terry and Ulrich, 1973b). 
It was suggested that sodium ions were able to replace K in 
stomatal functioning when K was absent. Mesophyll resis­
tance to carbon dioxide diffusion, as determined by carbon 
dioxide flux equations, increased significantly 8 days after 
K cutoff in the presence (Terry and Ulrich, 1973a) and ab­
sence (Terry and Ulrich, 1973b) of sodium ions. These stu­
dies suggest that K deficiency may initially increase meso­
phyll resistance and in turn, inhibit photosynthesis, 
followed by an increase in stomatal resistance. Cooper e_t 
al. (1967) observed a significant increase in carbon dioxide
compensation point in K deficient alfalfa. An increase in 
the carbon dioxide compensation point could cause an
increase in mesophyll resistance to carbon dioxide dif fu­
sion. The effect of potassium on mesophyll resistance re­
mains to be further investigated.
Chloroplast Function
A direct effect of K on the formation of chlorophyll 
has long been suggested (Bolle-Jones and Notton, 1953) 
since marginal chlorosis of older leaves is evident in se­
verely K deficient leaves. However, a decrease in chloro­
phyll content of K deficient plants has not been observed 
in rice (Watanabe and Yoshida, 1970) and corn (Baszynski 
et al. , 1972; Repka ejt slI. , 19 71) .
The effect of K deficiency on chloroplast ultrastruc­
ture (Hall e_t _al, 1972 ; Repka e_t a_l. , 1971) , photosystem I 
and II activity (Baszynski e_t aj_. , 1972 ; Hall e_t a^ l. , 1972 ; 
Satoh e_t al,. , 1974 ; Spencer and Possingham, 1960), assimi­
lation capacity (Tombesi e_t a_l. , 1969) and phosphoenol py­
ruvate-stimulated carbon dioxide fixation (Thomas et a l ., 
1959) have been investigated in numerous plant species. 
Photosystem I and II activity was not affected by K defi­
ciency in corn (Baszynski e_t a l . , 1972 ; Hall e_t a_l. , 1972) . 
In K deficient tomato, the Hill reaction was decreased 
(Spencer and Possingham, 1960) and in spinach, K stimulated 
photosystem I in K deficient leaves, but did not affect the 
Hill reaction (Satoh e_t a^ l. , 1974). Cyclic phosphorylation 
decreased in K deficient rice leaves (Wanatabe and Yoshida,
1970). The effect of K deficiency on the light harvesting
reactions within the chloroplast have not been conclusively 
defined; however, the majority of the available data sug­
gest that K may play a role in these reactions.
The assimilation capacity of chloroplasts from K defi­
cient sugar beet leaves was reduced (Tombesi e_t a_l. , 1969), 
and the phosphoenol pyruvate-stimulated carbon dioxide 
fixation of K deficient sweet potato leaves was also re­
duced (Thomas e_t a_l. , 1959) . The addition of K to the re­
action medium of the sweet potato extract did not restore 
activity to normal. Both studies suggest that K may play a 
role in the fixation step of photosynthesis. The role of K 
in the ultrastructure and function of chloroplasts is not 
conclusive and for the most part is contradictory.
Photosynthate Translocation
In K deficient plants, the sugars synthesized in the 
leaves tend to remain in the leaves instead of being trans­
located towards the available sinks. Translocation of ^ C -  
photosynthates was reduced in K deficient cotton (Ashley 
and Goodson, 1972), sugarcane (Hartt, 1969, 1970), tomato 
(Mengel and Viro, 1974) and potato (Haeder £t £ l . , 1973).
It has been suggested that a rapid rate of translocation of 
photosynthates is required to maintain a high level of pho­
tosynthesis. A reduction in K level of the leaves results 
in a reduced rate of translocation and possibly induces a 
feedback inhibition of photosynthesis. Translocation has 
been shown to be reduced when no visible symptoms of K
10
deficiency are evident and photosynthesis has not yet been 
affected (Hartt, 1970). These investigations suggest that 
reduced translocation may result in reduced photosynthesis; 
however, more information is needed in this area.
Potassium, Dark Respiration and Photorespiration
Respiration of both chlorophyllous and nonchlorophyl- 
lous tissue is increased by K deficiency (Bottrill et a l . , 
1970; Ozbun ^t a_l. , 1965a, 1965b; Terry and Ulrich, 1973a, 
1973b; Yamashita and Fujiwara, 1966). It has been sug­
gested that the increase in respiration of K deficient 
plants is due to an increase in respiratory substrates, 
made available by a decrease in carbohydrate translocation. 
Prolonged and severe K deficiency does eventually lead to a 
decrease in respiration, possibly due to an overall de­
crease in fixed carbon for respiratory substrates.
Photorespiration has been suggested to be decreased 
in K deficient sugar beet (Terry and Ulrich, 1973a, b ) .
The role of K in photorespiration has not been elucidated 
and requires further investigation in order to determine 




On May 1, 1975, a field study using 'Saranac', 'Iro­
quois', and 'Kl-10' alfalfa (Medicago sativa L.) was estab­
lished at the Agricultural Experiment Station in Madbury,
New Hampshire to examine the effects of potassium (K) ferti­
lization on alfalfa. The soil was a Hollis-Charlton sandy 
loam. Five basal rates of K (0, 112, 224, 336, and 448 kg 
I^O/ha/y) were applied prior to establishment in a split 
plot design with the K rates as main plots and subplots con­
sisting of cultivars. Each treatment was replicated five 
times. Phosphorus and boron were incorporated prior to es­
tablishment at rates of 336 kg P 20,./ha and 4.5 kg B/ha. The 
Hollis-Charlton soil had a pH of 6.4 and contained available 
phosphorus, exchangeable K and exchangeable magnesium levels 
of medium, low and high, respectively, according to standard 
soil analyses. The cation exchange capacity of the soil was 
10.6 me q/100 g soil.
Yield and Plant Composition. Plots were harvested under 
a three cut system at approximately 40 day intervals fol­
lowing the first cut. Half the yearly rates of ^ 0  were ap­
plied following the first and third cuttings. Total fresh
2
weight was determined on a 5.6 m area of each plot and a 
subsample was taken. The sample was dried in a forced air 
oven at 70 C for 7 days and weighed. Dry matter yield was 
then calculated for each plot. The dried sample was then
12
ground in a Wiley mill to pass a 20 mesh screen and a sub­
sample ashed at 500 C for 4 h. The ash was digested in acid 
according to Jones and Weaver (1970) and analyzed for cal­
cium and magnesium by atomic absorption spectroscopy and K by 
flame emission spectroscopy using a Jarrell-Ash flame emis­
sion spectrometer.
Soil Ca tions. A soil sample was obtained from the top 
15 cm of each main plot following the first cuttings of 1975 
and 1976, and the first and third cuttings of 1977 and al­
lowed to air dry. Ten grams of the air dried soil were then 
shaken for 15 min with 100 ml IN ammonium acetate, pH 7.0, 
and filtered through Whatman No. 42 filter paper. The fil­
trate was then analyzed for calcium and magnesium by atomic 
absorption spectroscopy and for K by flame emission spectro­
scopy. The acid extractable K was analyzed following the 
third harvest in 1977 by the method of Hunter and Pratt 
(1957). Ten grams of air dried soil was mixed with 30 ml 
40% (v/v) H 2S0 ^ and allowed to stand for 30 min. The slurry 
was then filtered through Whatman No. 42 filter paper and 
brought to 100 ml with 0.1 N H 2S0^. The potassium content of 
the filtrate was determined by flame emission spectroscopy.
Regrowth Characteristics. Iroquois plots fertilized
with 0, 112, 224, 336 kg I^O/ha in the first replication
were examined for regrowth characteristics during the sum-
2
mers of 1976 and 1977. A i m  plot of each main plot was di-
2 2 
vided into 25 cm subplots. Total leaf area of a 25 cm plot
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was determined using a Lambda Leaf Area Meter at 7 day inter­
vals during the first and second regrowths. The same subplot 
was only used once during the summer. The plot leaf area in­
dex (LAI), leaf area/land area, was then calculated. The
2
leaves and stems were separated from the 25 cm sample and 
dried in a forced air oven at 70 C for 7 days. The dry 
weight of each sample was determined and ground in a Wiley 
mill to pass a 20 mesh screen. A subsample was ashed and 
analyzed for K according to Jones and Weaver (1970) as pre­
viously described. Dry matter accumulation, leaf area ac­
cumulation, and K accumulation of each potassium level was 
then determined. Air temperature, soil moisture and net 
solar radiation were measured during the regrowth periods 
for both years.
Gas Exchange Characteristics. Photosynthesis and dark
2
respiration were measured on 50 cm plots of Iroquois ferti­
lized with 0, 112, 224, and 336 kg I^O/ha within the first 
replication, immediately adjacent to the LAI plots. Me a ­
surements were made every seven days during the first and 
second regrowth periods. Photosynthesis and dark respira­
tion were measured on the same day as LAI measurements. An 
open system with a 390 1 plexiglas chamber and an infrared 
gas analyzer was used. Air was pumped to the chamber at a 
rate of 453 1/h. A sample of the air was passed over a 
drierite (anhydrous CaSO^) column, through a particle filter 
and through the reference chamber of the gas analyzer. The 
main stream of air passed into the chamber and was mixed by
14
two electric fans. One fan forced the air over a heat ex­
changer which maintained the air temperature at 25 C. The 
air then left the chamber, passed over a drierite column, 
through a particle filter and entered the sample chamber of 
the infrared analyzer. The differential gas analyzer mea­
sured the difference in carbon dioxide in the chambers and 
recorded the measurement. The chamber required 60 min for 
carbon dioxide equilibration. During the measurements, 
light energy was measured with a Yellow Springs Model 65A 
Radiometer. Dark respiration was measured during the night 
following the photosynthetic measurements. Photosynthesis 
and dark respiration were calculated using the equations in 
Figure 1.
Chlorophyll content of leaf tissue, photorespiration of 
individual leaflets and ribulose 1,5-biphosphate carboxy­
lase (RuBPc) activity of leaf enzyme extracts were measured 
on leaf samples of Iroquois from 0 and 448 kg I^O/ha plots 
by the methods described in the greenhouse investigations. 
Measurements were made on the 20th day of regrowth during 
the second regrowth of 1977.
Greenhouse Investigations
A greenhouse hydroponic study was initiated in an at­
tempt to relate the potassium content of alfalfa leaves to 
photosynthesis and its physiological and biochemical con­
trols.
Plant Mate ri al. Clonal propagules of alfalfa
15
(Medicago satlva L.) cv. 'Iroquois' , derived from a single 
parent plant, were established in hydroponic sand culture. 
The plants were irrigated every two hours with a complete 
nutrient solution with varying rates of potassium (K) (Table 
1) . The potassium rates were 0.0, 0.6, and 4.8 mM K per 
liter nutrient solution. One plant was established per 
crock and the crocks arranged in a completely randomized 
block design with eight replications. When the plants 
reached the one-tenth bloom stage, they were cut back to a 5 
cm stubble. Plants were cycled five times before being re­
placed with new plants. Nutrient solutions were changed 
every two weeks. The temperature in the greenhouse was 
25/20 C, day/night, and the average daily net solar radia­
tion was approximately 310 ly/day. This experiment was con­
ducted from April to September, 1977. When the plants at­
tained approximately 20 days of regrowth (first bud stage), 
individual leaves were analyzed for photosynthesis, photo­
respiration, dark respiration, transpiration, and leaf and 
mesophyll resistances to carbon dioxide diffusion, and leaf 
potassium content. Chloroplasts were isolated from the leaf 
tissue and analyzed for photosystem I and II activity. Ri- 
bulose 1,5-biphosphate carboxylase activity was measured on 
an enzyme extract from the leaf tissue.
Gas Exchange Measurements. Photosynthesis, transpira­
tion, dark respiration, and leaf and mesophyll resistances 
to carbon dioxide diffusion were measured on twenty indivi­
dual attached leaves (fourth fully expanded leaf from the
Table 1. Hydroponic nutrient solution
CHEMICAL STOCK SOLUTION FINAL MOLARITY
Ca(N03)2 *4H 20 236.200 5 . 3 mM
NH4H 2PO4 115.000 1.0 mM
Mg (NO3)2 ‘6H 2O 256.400 0. 5 mM
MgS04 * 7H20 120.300 2.0 mM
H3BO3 2.360 3 8.0 uM
H2M 0O 4 •H 2O 0. 095 0.5 uM
MnCl2 •4H20 1 . 810 9.2 uM
CUSO4 •5H20 2. 500 10.0 uM
Na2Zn 14.2% 0. 419 1.0 uM
NaFe 6.0% 19.500 172.0 uM
KNO3 101.100 0.0, 0.6, 4.8 mM
top) per treatment using an air-sealed leaf chamber (Wolf e_t 
al., 1969). The apparatus used for gas exchange measurements 
has been previously reported (Peoples, 1976). Dark respira­
tion was determined on the same leaf immediately following 
the light measurements with the light bank turned off.
Photosynthesis, dark respiration, transpiration, and 
leaf and mesophyll resistances to carbon dioxide diffusion 
were calculated using the equations in Figure 1.
Leaf Potassium. Following the gas exchange measurements, 
each leaf (3 leaflets) was analyzed for K content (Thomas e_t 
al., 1967). The leaf was dried at 70 C for 7 days and 
weighed. The dried leaf was placed in a 10 ml vial to which
2.5 ml conc. H nS0. and 0.1 ml 30% H„ 0 o were added and mixed.
2 4 2 2
The vial was heated to maintain the reaction for 10 min, 
cooled and a second 0.1 ml 30% ^2^2 was added. The vial was 
again heated for 10 min, cooled and the clear solution trans­
ferred to a 50 ml volumetric flask and brought to volume 
with distilled deionized water. The samples were analyzed 
for potassium by flame emission spectroscopy using a Jarrell- 
Ash flame emission spectrophotometer.
Photorespiration. Photorespiration was measured on
14
leaflets from each piant according to the C-glycolic acid
method described by Zelitch (1972). The plants had attained 
20 days of regrowth following the gas exchange measurements. 
Four detached leaflets from the third and fourth fully ex­
panded leaves were tied together with a thread and floated
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Figure 1. Formulae used to calculate photosynthesis (Ps) , 
dark respiration (Rd), transpiration (Tp), leaf resistance 
to water vapor (t l w ) > leaf resistance to carbon dioxide dif­
fusion ( r ^ )  and mesophyll resistance to carbon dioxide dif­
fusion (r^c) .
PS - (Cl-Co) X F X 1.96 * IQ-3* mg co /d„ 2 /h
(C -C.) x  F X  1.96 x  10 3* ,, 2 /u
Rd = o i ________________________ mg C02/dm /h
(H -H.) x F x 10 3* g H o0/dm2/h
Tp =...0 i  * 2
(HX-(H +H./2)) x 0.36* s/cm
' * >  ------------
rLC = rLW X 25/0.16** s/cm
(C.+C /2) x 0.72* .




= carbon dioxide concentration of incoming air in ppm
CQ = carbon dioxide concentration of outgoing air in ppm
F = flow rate of incoming air in liters/h
2
A = leaf area in dm
3H q = water vapor concentration of outgoing air in g/m
= water vapor concentration of incoming air in g/m'
* = conversion factor to standardize units
** = diffusion coefficient of water vapor divided by 
diffusion coefficient of carbon dioxide in cm^/s
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on water in a 50 ml flask with a center well. The flask was 
open to the air and maintained at 30 C for 60 min. After 
the preliminary treatment, the water was rapidly removed and 
replaced by a solution of 40 mM glycolic a c i d - l - ^ C  (Amer- 
shaw-Searle), pH 3.8. A fluted filter paper strip was placed 
in the center well and dampened with 0.1 ml 3M ethanolamine. 
The flask was then sealed and gently swirled for 60 min in 
the light at 30 C.
Following the 60 min incubation period, the leaflets 
were quickly removed and rinsed in distilled water to remove 
absorbed radioactive substrate. The leaflets were then 
transferred to a liquid scintillation vial containing 2.0 ml 
NCS solution (Amersham-Searle). The tissue solubilized for 
24 h followed by bleaching for 24 h with the addition of 1.0 
ml saturated benzoyl peroxide in toluene (Hansen and Bush, 
1967). Following the bleaching period, 15 ml fluor solution, 
containing 5 g of 2,5-Diphenyloxazole (PPO) and 0.1 g 1,4- 
bis-2-(4-Methyl-5-phenyloxazolyl)-Benzene (POPOP) per liter 
of toluene, were added to each vial. The filter paper strips 
were placed directly into 15 ml fluor solution. After al­
lowing for cessation of chemiluminescence (Winkelman and 
Slater, 1967), the samples were counted in a liquid scintil­
lation spectrometer. Counting efficiency was determined by
14internal standardization with C-toluene. The amount of
14 14
C released per unit C retained per four leaflets was
calculated as the photorespiratory index.
Chlorop las t Extraction. Chloroplasts were isolated from
depetiolated leaves of each plant in extraction buffer (0.4 
M sucrose, 0.05M Tricine, 0.01 M NaCl, pH 7.8). Ten grams 
of leaf tissue from the entire plant was homogenized in a 
Virtis "23" homogenizer for 10 sec at maximum speed and 30 
sec at one-half speed in 25 ml extraction buffer. The sus­
pension was filtered through four layers of cheesecloth and 
the filtrate centrifuged for 90 sec at 500 g. The pellet 
was discarded and the supernatant recentrifuged for 7 min at 
1000 g. The resulting pellet was resuspended in 10 ml ex­
traction buffer, centrifuged for 90 sec at 500 g, and the 
pellet discarded. The supernatant was recentrifuged for 10 
min at 2000 g and the pellet was resuspended in 5 ml extrac­
tion buffer.
The chlorophyll (Chi) content of the suspension was de­
termined by transferring 0.05 ml of the suspension to a 10 
ml volumetric flask. The suspension was brought to volume 
with 80% acetone and transferred to a conical centrifuge 
tube. The tubes were centrifuged for 5 min at 500 g and the 
absorbance of the supernatant determined at 645 and 663 nm. 
The Chi content was calculated from the following equation 
(Arnon, 1949) :
[ ( A g ^  x 202) + (Aggg x 80.2)] x 20 = ug Chl/ml
The original chloroplast suspension was then diluted with 
extraction buffer to 1.0 mg Chl/ml. The diluted chloroplast 
suspension was then utilized for photosystem I and II 
analyses.
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Photosystem _I and II Analy ses. Nicotinamide adenine di­
nucleotide phosphate (NADP) and ferricyanide reduction were 
determined by the spectrophotometric methods of Trebst (1972) 
as a measure of photosystem I and II activity, respectively. 
The reduction of NADP was measured using a mixture (2.9 ml) 
containing 0.05 ml chloroplast prep (1.0 mg Chl/ml), 2.0 ml 
reaction mixture (22.1 ml 1^0, 1.95 ml 0.3 M Tricine (pH 7.4), 
1.95 ml 0.4 M N a C l ) , 0.8 ml 0.5 mM NADP and 0.05 ml purified 
spinach ferredoxin (Sigma) (1 mg/ml H 2O) at 20 C. The chlo­
roplast suspension was added and the solution mixed and ex­
posed to a saturating light source (photon flux density of 
2
100 nE/cm /s, 400-700 n m ) . Immediately following 1 min of 
light, the reaction mixture was centrifuged for 10 min at
10,000 g -and the absorbance of the supernatant determined at 
340 nm. A dark control served as a blank.
The experiment conditions for measuring ferricyanide re­
duction were identical to NADP reduction except for the de­
letion of NADP and ferredoxin and the addition of 0.15 ml 10
mM K„Fe(CN), to the reaction mixture. Immediately following
3 0
1 min of saturating light, 0.3 ml 30% trichloroacetic acid 
was added and the mixture centrifuged at 10,000 g for 10 min. 
The supernatant was placed in a cuvette containing 0.9 ml de­
veloper [0.3 ml 3M sodium acetate (pH 4.2), 0.3 ml 0.2 M ci­
tric acid, 0.15 ml 1,10-phenanthroline (300 mg/3 ml etha­
nol)]. The cuvette was allowed to stand in the dark for 5 
min before the absorbance was measured at 510 nm. A dark 
control was used as the blank. Electron transport via
22
photosystem I and II was calculated as the umoles of aceptor 
reduced/mg Chl/h.
Leaf Chlorophyll Determination. Total Chi content and 
the ratio of Chi a to Chi b were determined on fresh leaf 
samples from each plant according to the method of Arnon 
(1949). Five grams of leaf tissue, obtained from the third, 
fourth and fifth fully expanded leaves of each plant, was 
homogenized in 100 ml 80% (v/v) acetone for 1 min at one- 
half maximum speed in a Virtis "23" homogenizer. The slurry 
was filtered through Whatman No. 1 filter paper and the ab­
sorbance of the filtrate measured at 645 and 663 nm. Total 
Chi content and the ratio of Chi a to Chi b were calculated 
using the following equations:
Total Chi mg/g FWT =[(0.0202 x A g45)-(0.00802 x A g63)]/FWT
[(0.0127 x A  )-(0.0 0 2 6 9 x A  )]
Chi a/Chl b = [ (0. 022 9 x A ^ ) - (0. 00468 x A g63) ]
Ribulose 1,5-Biphosphate Carboxylase A s s a y . Ribulose 1, 
5-biphosphate carboxylase (E . C .4.1.1.39.) activity was de­
termined on a crude enzyme extract from leaves of each plant 
from each K treatment, according to the method of Kennedy 
(1976). The crude enzyme extract was prepared by thoroughly 
disrupting 3 to 4 g of depetiolated leaf tissue in a chilled 
mortar and pestile containing 10 ml extraction buffer (0.2 M 
Tricine, pH 8.3; 10 mM M g C ^ ;  20 nM 2-mercaptoethanol; 0.2 mM 
EDTA; 16 g/1 polyvinylpyrrolidone) and a small amount of acid 
washed sand. The resulting homogenate was then filtered
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through eight layers of cheesecloth, centrifuged for 20 min
at 30,000 g at 4 C and the supernatant used for RuBPc assay.
The reaction mixture for the RuBPc assay contained (in a
volume of 200 u l ) : 30 uM Tricine, pH 8.0; 10 uM MgCl^; 8 uM
2-mercaptoethanol; 0.4 uM ribulose 1,5-biphosphate and 0.2 
14uM NaH COg* Assays were initiated by the addition of 100 
ul of crude enzyme extract and run at 30 C for 5 min. As ­
says were terminated by the addition of 200 ul 25% (v/v) 
acetic acid. The acidified reaction solution was then 
transferred to liquid scintillation vials. Fifteen milli­
ters of 'Aquasol' (New England Nuclear) were added to each 
vial, and, after allowing for cessation of chemiluminescence 
(Winkelman and Slater, 1967), the vials were counted by li­
quid scintillation spectroscopy. Counting efficiency was
14determined by internal standardization with C-toluene.
Protein content of the extract was measured according to 
Lowry e_t a_l. (1951) , and the enzyme activity expressed as uM 
CO2 fixed/mg protein/h.
Laboratory Investigations
Three laboratory studies were initiated in an attempt to 
characterize the effect of potassium deficiency on RuBPc.
Plant M a t erial . Clonal propagules of Iroquois alfalfa 
(Medicago sativa L.), derived from a single parent, were es­
tablished in hydroponic solution culture. The plants were 
placed in plastic lined stone crocks containing nutrient so­
lution (Table 1). Potassium was added at either 0.0 or 4.8
24
mM K per liter. The crocks were arranged in a completely 
randomized block design with five replications. When the 
plants reached the one-tenth bloom stage, they were cut back 
to a 5 cm stubble and were cycled five times before analysis. 
The nutrient solution was changed every 14 days. After 20 
days of regrowth (first bud stage) the plants were harvested 
for RuBPc analysis. Plant material for all three studies was 
derived from this source. Visually deficient leaves were 
selected from the 0.0 mM K plants of approximately the same 
age as the leaves from the K sufficient plants.
Study 1^
This study was initiated in an attempt to observe dif­
ferences in activity between purified RuBPc from normal and K 
deficient tissue.
A crude RuBPc extract was isolated from the leaf tissue as 
previously described. Ammonium sulfate was added to the su­
pernatant to 35% saturation (209 g/1) and allowed to stand 
for 30 min. The solution was then centrifuged at 9,000 g for 
60 min and the pellet discarded. Ammonium sulfate was then 
added to 45% saturation (61 g/1), allowed to stand for 30 min 
and centrifuged for 60 min at 9,000 g. The supernatant was 
discarded and the protein pellet resuspended in elution buf­
fer (0.025 M tris-HCl, pH 7.4; 0.2 M NaCl; 0.0005 M E D T A ) .
The suspension was then applied to a Sephadex G-25 column (25 
mm X 300 mm). The protein was eluted at a rate of 3 ml/20 
min and collected in 3 ml fractions. The protein content of 
each fraction was determined spectrophotometrically where the
mg protein/ml equals the absorbance at 280 nm times 1.55
minus the absorbance at 260 nm times 0.76.
The fractions which made up the first major peak (eluted.
at approximately fraction 20) were combined and RuBPc activity
14
determined by the C fixation method. Protein content of the 
peak was determined spectrophotometrically according to the 
method of Wishnik and Lane (1971), where the absorbance at 280 
nm times 0.61 equals the mg of RuBPc protein. Ten replicates 
of each K level were analyzed.
Study 2_
A second study was initiated in an attempt to determine if
RuBPc activity of K deficient plants could be restored to nor­
mal rates by the addition of K to the reaction media.
A crude extract of RuBPc from K deficient leaves was pre­
pared as described previously, and the activity of the extract 
14measured by the C fixation method. Potassium was added to 
the reaction media to a final concentration of 0 .0 , 0 .01,
0.05, 0.10, 0.50, 1.00, and 10.00 mM K as KNO^* Each treat­
ment was replicated 10 times and the experiment duplicated.
Study _3
A third study was initiated in an attempt to determined if 
K deficiency inhibits RuPBc synthesis.
Twenty leaflets of similar age were removed from K defi­
cient plants and floated on 10 ml incubation buffer (0.04 M
14
tris-HCl, pH 7.3; 0.005% Triton X-100; 0.1 uCi C-leucine) 
in petri plates (Jyung and Camp, 1976). Potassium was added
26
to the buffer to a final concentration of 0 .0 , 0 .0 1 , 0 .1 0 ,
1.00, and 10.00 mM as KNO^. The leaflets were incubated at
25 C for 20 h in light consisting of 2, 20-watt fluorescent.
cool white bulbs and supplying a photon flux density of 80 
2
nE/cm /s (400-700 n m ) . The plates were gently swirled during 
incubation. Leaflets were also incubated with cycloheximide 
(17 ug/ml) or actinomycin D (67 ug/ml) added to the buffer. 
Both sets of treatments were repeated in the dark and the en­
tire study duplicated.
Following incubation, the leaflets were rinsed in dis-
14tilled deionized water to remove any absorbed C-leucine and
the RuBPc extracted and purified as described previously. A
1.0 ml aliquot of the pure enzyme extract was then placed in
a liquid scintillation vial containing 15 ml 'Aquasol' (New
England Nuclear). After allowing for cessation of chemilumi-
nescence (Winkelman and Slater, 1967), the vials were counted
in a liquid scintillation spectrometer. Counting efficiency
14
was determined by internal standardization with C-toluene.
14Formation of RuBPc was calculated as DPM C-leucine incor­




Environmental D a t a . Weekly solar radiation accumulation,
weekly mean air temperature, weekly rainfall accumulation and
weekly mean soil water potential at 46 cm during the first
and second regrowth periods of 1976 and 1977 are shown in
2
Figures 2 and 3. A minimum of 2100 ly/cm /week of accumu­
lated solar radiation (0.28 to 2.80 u) was received from June 
to August of 1976 and 1977 except for one week during 1977 
(Fig. 2). The weekly mean air temperature throughout the 
growth periods of 1976 and 1977 did not vary more than 12 C 
with a high mean of 25 C and a low mean of 13 C.
A mild drought was experienced from 20 June to 11 July 
during both 1976 and 1977 (Fig. 3). The decrease in rainfall 
during these three weeks resulted in a decrease in the weekly 
mean soil water potential. Irrigation was used to prevent 
water stress and to maintain a soil water potential above 
-0.8 bars at 46 cm soil depth during the growth periods.
The soil was a Hollis-Charlton sandy loam with an ini­
tial pH of 6.4. The initial levels of available phosphorus 
and exchangeable K and Mg were medium, low and high, respec­
tively, as determined by the Analytical Services Laboratory, 
Durham, New Hampshire. The cation exchange capacity of the 
soil was 10.6 meq/100 g soil. Dolomitic limestone was ap­
plied to adjust the pH to 6.8 .
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Figure 2. Weekly solar radiation accumulation (0.28— 2.80u) and weekly mean air 
temperature during the first and second regrowth periods of 1976 and 1977 at the 
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Figure 3. Weekly accumulation of rainfall and weekly mean 
soil water potential during the first and second regrowth 
periods of 1976 and 1977 at the Agricultural Research 
Station, Madbury, New Hampshire.
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significantly affected by increased rates of applied K during
1975, 1976 and 1977 (Table 2, 3, 4). A severe infestation of 
potato leafhopper (Empoasca fabae (Harris)) immediately fol­
lowing the first harvest of 1975 resulted in crop stunting 
and subsequent thinning of the entire field the following 
winter (Table 2). Consequently, the second harvest of 1975 
was cut, but yields were not determined. The cut was made on 
August 21, 1975. Following removal of the crop, malathion 
and methoxy.chlor were applied to control the potato leafhop­
per. The third harvest of 1975 was abnormally low due to a 
reduction in regrowth following the leafhopper infestation. 
The first harvest of 1976 was also decreased and this was 
thought due to winter damage (Table 3). No significant ef­
fect of increased rates of applied K was observed during
1976, The second harvest of 1977 showed a significant in­
crease in dry matter yield with the application of 336 kg 
^ O / h a  (Table 4). A trend of increasing dry matter yield 
with increasing applied K was observed in the total yields of
1977, however the differences were not significant.
The response of dry matter yields of the three cultivars 
in 1975, 1976 and 1977 is shown in Table 5. Kl-10 alfalfa
significantly outyielded both Iroquois and Saranac alfalfa 
during 1975. In 1976 and 1977, no differences were noted 
among the cultivars. Kl-10 tended to yield less than Saranac 
and Iroquois in 1976 and 1977 which may indicate a weakening 
of the stand over the three years. Saranac tended to out- 
yield Iroquois and Kl-10 in 1976 and 1977. In comparison to
Table 2. The effect of five levels of potassium fertilizer 
on herbage dry matter yields of alfalfa during 1975. Each 





7/10 8/21 10/23 TOTAL























C.V . , % 15. 8 15.7 16.5
*Yield not determined due to severe potato leafhopper 
infestation.
//Means within a column followed by the same letter are not 
significantly different (P< 0.05 according to Fisher's 
least significant difference test.
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Table 3. The effect of five levels of potassium fertilizer 
on herbage dry matter yields of alfalfa during 1976. Each 




Applied 6/3 7/13 8/23 TOTAL
v v n/v.o/72 Jvg/ua.
0 3114a* 2151a 3874a 9139a
112 2822a 2293a 3650a 8765a
224 2845a 2362a 3825a 9308a
336 2822a 2124a 3910a 8856a
448 2912a 2560a 3818a 9290a
LSD _ 709 836 489 1142
. 05
C.V. , % 25.4 16.4 15 . 8 20.7
*Means within a column followed by the same letter are not




according to Fisher ' s
Table 4. The effect of five levels of potassium fertilizer 
on herbage dry matter yields of alfalfa during 1977. Each 




Applied 6/6 7/15 8/16 TOTAL
kg K 20/ha/y  kg/ha
0 3960a 2020b 2096a 8066a
112 3844a 2160b 2182a 8186a
224 3858a 23 0 9ab 2067a 8234a
336 3736a 2343a 2121a 8200a
448 3899a 2180ab 2342a 8421a
L S D .05
820 250 431 1016
C.V. , % 19. 2 12. 6 17.3 17.8
*Means within a column followed by the same letter are not 
significantly different ( P ^ 0 . 0 5 )  according to Fisher's 
least significant difference test.
Table 5. The dry matter yields of three alfalfa cultivars 
during 1975, 1976 and 1977. Each value represents the mean 
of five replications and five potassium levels.




L S D .05
444






20.7 17 . 8
*Means within a column followed by the same 
letter are not significantly different 
(P< 0.05) according to Fisher's least signi­
ficant difference test.
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the yield data obtained in performance trials (Koch and Dunn, 
1977), Kl-10 yields were 1000 kg/ha less and Iroquois and 
Saranac yields were approximately the same in the present 
s tudy.
Chemical Composition. A significant increase in her­
bage K was observed with increased rates of applied K during 
all three years (Table 6) and in all three cultivars (Table 
7). The greatest response to applied K was observed during 
the three harvests of 1977 (Table 6). Herbage K did not fall
below the critical level of 2.0% during this investigation 
j
except for the first harvest of 1977 in the 0 kg ^ O / h a  
treatment (1.91%). Calcium (Ca) and magnesium (Mg) content 
of the herbage decreased with increasing rates of applied K 
(Table 8, 9). The reductions in Ca were generally not sta­
tistically significant except in the third harvest of 1975 
and the second harvest of 1977. Sufficient levels of herbage 
Ca and Mg were maintained in this investigation, even at the 
highest K rate.
Potassium content was negatively correlated with Mg 
content of the tissue (Figure 4) (r = -0.63). This negative 
correlation may indicate that increased K uptake results in a 
depression of Mg uptake. This phenomena has been reported in 
several species (Munson, 1968). Potassium content was also 
negatively correlated with Ca content of the tissue in 1977 
(r = -0.50) (Figure 5). In 1975, Ca content of the tissue 
was not significantly correlated with K content; however, a 
negative trend is observed. These two years were analyzed
Table 6. The effect of five levels of potassium fertilizer on potassium content of 




Applied 6/10 8/21 10/23 6/3 7/13 8/23 6/6 7/15 8/16
K g  ^ u / n a / y /o r O L d s s lum
0 2 . 15b * 2 . 86b 2. 37c * 2. 99b 1. 91d 2. 74d 2.33d
112 2.25b 2. 89b 2. 53bc 2. 95b 2. 31c 3. 47c 3.49c
224 2. 38a 2.95ab 2.57bc 3.09a 2.79b 3 . 66bc 4. lib
336 2 . 22b 3. 14a 2.73ab 2 . 80b .3. 20a 4.06ab 4.57a
448 2.37ab 3.17a 2 . 81a 3. 07a .2. 88ab 4. 29a 4.30ab
LSD 0.12 0.17 0. 23 0.21 0.38 0.51 0.19. 05
C.V. , % 7.6 5.4 7.5 12.5 17 . 3 20.4 15.1
Means within a column followed by the same letter are not significantly 
different (P< 0.05) according to Fisher's least significant difference 
test.
*Samples not analyzed for potassium content.
Table 7. The effect of five levels of potassium fertilizer 
on the potassium content of three alfalfa cultivars. Each 
value represents the mean of five replications and seven 
harvests during 1975, 1976 and 1977.
Potassium
Applied Saranac Iroquois Kl-10
kg K 20/ha/y ----------------- %
0 2.62d* 2 . 54d 2. 50d
112 2.90c 2. 85c 2.77c
224 3.17a 3 .10b 2. 97b
336 3. 23a 3 . 24a 3.27a
448 3. 25a 3 . 31a 3. 25a
L S D .05 0.21 0.11 0.19
C.V., % 1 0 . 8 15.4 17 .1
*Means within a column followed by the same 
letter are not significantly different 
(P< 0.05) according to Fisher's least sig­
nificant difference test.
T a b l e  8 .  T h e  e f f e c t  o f  f i v e  l e v e l s  o f  p o t a s s i u m  f e r t i l i z e r  o n  t h e  c a l c i u m  c o n t e n t  o f  
a l f a l f a  h e r b a g e  a t  h a r v e s t .  E a c h  v a l u e  r e p r e s e n t s  t h e  m e a n  o f  f i v e  r e p l i c a t i o n s  a n d  
t h r e e  a l f a l f a  c u l t i v a r s .




6/10 8/21 10/23 6/3 7/13 8/23 6/6 7/15 8/16
kg/K20/ha/y
0 0.87a# * 1. 50a 1.50a * * 1.59a 1.77a 1.55a
112 0.84a 1.42ab 1. 05a 1.39a 1. 63b 1 . 61a
224 0. 84a 1. 32b 1. Ola 1.42a 1. 58b 1.57a
336 0.76a 1.38ab 0.99a 1.59a 1. 59b 1 . 68a
448 0.79a 1. 30b 0. 93a 1.23a 1 . 62b 1. 64a
LSD _c 0.12 0.15 0.13 0.47 0.13 0.14
. 05
C .V., % 13. 0 1 2 . 0 12. 7 33.3 14.5 13 .1
Means within a column followed by the same letter are not significantly 
different ( P < 0.05) according to Fisher's least significant difference 
test.
*Samples not analyzed for calcium content.
Table 9. The effect of five levels of potassium fertilizer on the magnesium content 
of alfalfa herbage at harvest. Each value represents the mean of five replications 




Applied 6/10 8/21 10/23 6/3 7/13 8/23 6/6 7/15 8/16
kg ^ O / h a / y /o rid^ueb -LUILI
0 0.2 6a# * 0. 29a 0.28a * * 0.30a 0.28a 0 . 28a
112 0 . 26a 0 .26b 0. 27a 0.27ab 0.24b 0. 25b
224 0. 24a 0. 24bc 0. 24b 0.25b 0. 23c 0. 24b
336 0.27a 0.25bc 0. 23bc 0.27ab 0 . 21c 0 . 21c
448 0. 25a 0. 23c 0 . 21c 0 .22c 0 . 20c 0.17d
L S D .05
0. 04 0 . 02 0 . 02 0. 04 0 . 02 0. 03
C.V., % 19. 5 13. 6 10.7 27 .1 1 1 . 2 12.3
Means within a column followed by the same letter are not significantly 
different (P< 0.05) according to Fisher's least significant difference 
test.
*Samples not analyzed for magnesium content.
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Figure 4. The relationship between alfalfa herbage potassium 
and herbage magnesium content. The values represent measure­














Y = 0.331 - 0.025X
— ,----------1---------- 1----------1---------- 1
2.2 2.9 3.6 4.3 5.0
Tissue K (%)
41
Figure 5. The relationship between alfalfa herbage potassium 
and calcium content. The values represent measurements from 
three cultivars and five potassium levels in 1975 and 1976 
without lanthanum chloride ( ) > and 1977, with lanthanum
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separately because lanthanum chloride ( L a C ^ )  was added to the 
tissue extracts in 1977. The addition of L a C ^  resulted in 
flame enhancement of the atomic absorption spectrophotometer 
for a more accurate Ca analysis and resulted in an increase in 
herbage Ca of approximately 0.3%. This increase in one year 
may have altered the apparent relationship between herbage K 
and Ca; while not affecting the relationship between applied 
K and herbage Ca.
It has been previously reported that a curvilinear rela­
tionship exists between alfalfa dry matter yields and herbage 
K content (Blaser and Kimbrough, 1965). No significant rela­
tionship between herbage K and dry matter yields was observed 
in this study (Figure 6). Tissue K remained in the range of 
"luxury consumption" and dry matter yields remained approxi­
mately equal. Since deficient levels of K were observed only 
in one harvest, with no decreased yield response, decreases in 
yield due to K deficiency were not observed in Figure 6.
Soil Cations. Since no K was applied to the 0 kg K^O 
plots and yields were not reduced, the soil supplied the 
necessary K to maintain alfalfa growth. The content of ex­
changeable soil cations is shown in Table 10. Initial levels 
of exchangeable K prior to seeding, were approximately 270 kg 
K/ha. Following application of K, a gradient of soil ex­
changeable K was established. With each increased increment 
of K fertilizer, an increase in exchangeable K was observed. 
Throughout the three years, the level of exchangeable K de­
creased until August, 1977 ; when the level of exchangeable IC
43
Figure 6. The relationship between alfalfa dry matter yield 
and herbage potassium content. The values represent measure­
ments from three years, three alfalfa cultivars and five 
levels of potassium fertilizer. Dry matter yields were norr 
malized with the highest yield from each harvest being 100%.
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Table 10. Exchangeable soil cations of a Hollis-Charlton sandy loam soil during 
three years of alfalfa production with five levels of potassium fertilizer. Soil 
samples were obtained in May, 1975, June, 1976 and August, 1977 prior to applica­




7/75 6/76 8/77 7/75 6/76 8/77 7/75 6/76 8/77
kg K 20/ha/y - kg K 20/ha - --- kg Ca/ha -- kg Mg/h a --
0 292 269 239 1595 1630 3066 423 302 485
112 349 358 332 1487 1389 2834 489 264 505
224 390 425 539 1613 1595 2366 520 327 391
336 415 629 860 1387 1433 2776 493 284 385
448 478 718 863 1564 1546 2301 792 285 333
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increased approximately 76 kg K^O, compared to the June, 1977 
measurement. Even though the alfalfa crop removed approxi­
mately 250 kg K/ha/y, the levels of exchangeable IC were only 
slightly depleted in the 0 kg ^ 0  plots. No apparent reason 
for the increase in exchangeable K in August, 1977 was evi­
dent from this investigation. The level of soil K remained 
approximately constant when K was applied at rates of 224 kg 
I^O/ha. Both 0 and 112 kg ^ 0  treatments demonstrated de­
creases in exchangeable K over the three years. This indi­
cates that the application of 224 kg K^O/ha/y was required to 
maintain the level of soil exchangeable K through three 
years.
Exchangeable Ca did not vary appreciably across the K 
treatments within a year and showed little depletion during 
the three years. In 1977, LaCl^ was added to the soil ex­
tracts which resulted in approximately 1500 kg Ca/ha in­
creases in exchangeable Ca. Exchangeable Mg also decreased 
slightly over the three years and remained approximately 
equal across the K treatments.
Kafkafi e_t a_l. (1977 ) demonstrated that the exchangeable 
K content of plots receiving 0 kg K^O/ha decreased steadily 
from 700 meq/1 to 200 meq/1 over nine alfalfa harvests.
The content of acid extractable K (as a measure of K 
supplying power) in August, 1977 is shown in Table 11. In­
creasing the rate of applied K increased the level of acid 
extractable K. The K supplying power of the 0 kg ^ 0  treat­
ment was 219 kg K20/ha and represents a possible source of
46
Table 11. The effect of five levels of potassium fertilizer 
on the potassium supplying power and acid extractable potas­
sium in a Hollis-Charlton sandy laom soil following three 
years of alfalfa production. Soil samples were obtained in 
August, 1977, prior to potassium fertilization. The potas­
sium supplying power of the soil was estimated by subtrac­
ting the exchangeable potassium from the acid extractable 






















exchangeable K for the 1979 growth season. It appears that 
the supplying power of the soil was sufficient to maintain a 
productive alfalfa crop for three years without K fertiliza­
tion. It has been previously suggested that the acid ex­
tractable K may be a better indicator of the potential for a
soil to maintain a constant supply of K (Hunter and Pratt,
1957). Feuer (1951) analyzed twelve different New Hampshire 
soil types and determined that the K supplying power of a 
soil was not related to the measured exchangeable K. Kafkafi 
et a l . (1977) determined that the K supplying power of their
particular soil was 100 kg K/ha and that the K was depleted 
to 40 kg K/ha after nine alfalfa harvests. It has been sug­
gested that a measure of the supplying power of a soil may be 
a more accurate test of a soil's ability to support good 
alfalfa growth.
Growth Characteristics. The leaf area index (LAI) of 
Iroquois alfalfa increased with each weekly sample averaged 
over the four K treatments during 1976 and 1977 (Table 12). 
The canopy developed more rapidly when K was applied at 336 
kg ^ O / h a  than when no was applied. By 35 days of re­
growth, the differences in LAI between the K treatments was 
not as great. The mean LAI, averaged over the four weekly 
measurements and two regrowths within a K treatment, were 
significantly greater with the application of 112 kg ^ O / h a  
in 1976 and 336 kg I^O/ha in 1977. In general, applied K had 
little effect on canopy development in this investigation.
The effect of applied K on dry matter accumulation
Table 12. The effect of four rates of potassium fertilizer on the leaf area index of
Iroquois alfalfa during the first and second regrowth periods of 1976 and 1977.
Days of Regrowth
1976 1977
Applied K Regrowth 14 21 28 35 M *Mean 14 21 28 35 Mean
kg IC20/ha/y








































































3. 05 1. 58a
Mean 0.76 2.14 2.55 3.30 0.15 0.71 1.92 3.00
Each mean within a column represents the mean of both regrowth periods within a potas­
sium treatment.
*Means within a column followed by the same letter are not significantly different 
(P< 0.05) according to Duncan's multiple range test.
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during 1976 and 1977 is shown in Table 13. Dry matter in­
creased with each weekly sample averaged over the four K 
treatments and two regrowths during 1976 and 1977. The mean 
dry matter yield during each year within a K treatment was 
increased by increased K in both years. In 1976, 112 kg 
I^O/ha significantly outyielded the 0, 224 and 336 kg ^ 0  
plots. In 1977, increased rates of applied K significantly 
increased dry matter yields. The dry matter yields on day 35 
in 1976 and 1977 were greater than the dry matter yields for 
the corresponding K treatments in Tables 3 and 4. The dis­
crepancy between these measurements may be due to differences
in sample size and technique. Dry matter accumulation (Table
2
13) was determined on a 25 cm plot and was not replicated;
2
while the data in Table 2 was determined on a 5.5 m swath 
with five replications of three cultivars.
Leaf K was decreased during the two regrowth periods of 
1976 and 1977, averaged over four K treatments and two re­
growths (Table 14). Increased applied K resulted in in­
creased leaf IC in both years. Leaf K did not fall below the 
critical level of 2.02%, as described by Cooper £t a l .
(1967), during the two years and no visual symptoms of K de­
ficiency were noted. Stem K decreased during the regrowth 
periods (Table 15). Increased rates of applied K did not 
result in an increased level of stem K. The level of stem K 
remained approximately 3.5% in both years. The K accumulated 
during the first 14 days of regrowth was redistributed during 
the next three weeks. Since K is a mobile element, the
Table 13. The effect of four rates of potassium fertilizer on dry matter accumulation of
Iroquois alfalfa during the first and second regrowth periods of 1976 and 1977.
Days of Regrowth
1976 1977
Applied K Regrowth 14 21 28 35 Mean^ 14 21 28 35 Mean









































































Mean 612 1645 2314 3714 288 892 1573 2769
Each mean within a column represents the mean of both regrowth periods within a potas­
sium treatment.
*Means within a column followed by the same letter are not significantly different 
(P< 0.05) according to Duncan's multiple range test.
Table 14. The effect of four rates of potassium fertilizer on leaf potassium content of 
Iroquois alfalfa during the first and second regrowth periods of 1976 and 1977.
Days of Regrowth
1976 1977













































































2.73 2 . 94a
Mean 2. 84 2.63 2.46 2.69 2 .89 2.72 2.52 2 .27
Each mean within a column represents the mean of both regrowth periods within a potas­
sium treatment.
Means within a column followed by the same letter are not significantly different 
(P< 0.05) according to Duncan's multiple range test.
Samples not analyzed for potassium content.
Ul
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Table 15. The effect of four rates of potassium fertilizer on stem potassium content of
Iroquois alfalfa during the first and second regrowth periods of 1976 and 1977.
Days of Regrowth
1976 1977
Applied K Regrowth 14 21 28 35 Mean"*" 14 21 28 35 Mean







































































2 . 98 
2 . 22 3.51a
Mean 4.07 4.32 2.93 2 . 60 4.25 4.16 3.26 2.81
Each mean within a column represents the mean of both regrowth periods within a potas­
sium treatment.
Means within a column followed by the same letter are not significantly different 
(P< 0.05) according to Duncan's multiple range test.
^Samples not analyzed for potassium content.
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necessary K was possibly translocated to the younger leaves 
at the expense of the older leaves. Data on the total her­
bage (leaves + stems) was not calculated at these intervals 
and the total accumulation of K cannot be determined.
Kimbrough e_t _al. (1971) investigated the effect of in­
creased rates of applied K on the regrowth of alfalfa on a 
Greendale sandy loam soil. The absence of applied K resulted 
in a significant decrease in LAI, dry matter accumulation and 
leaf and total herbage K. Application of K at 46, 93, 186 
and 372 kg K/ha resulted in increased LAI, dry matter accumu­
lation and leaf and total herbage K. Both leaf and total 
herbage K decreased with time during both regrowth periods.
It was suggested that K was taken up by the plant in the 
early stages of growth and then redistributed in the latter 
stages of growth. It was also suggested that the K require­
ment of a plant will vary with the stage of development.
Gas Exchange. Photosynthesis of Iroquois alfalfa cano­
pies was not significantly affected by increased rates of ap­
plied K (Table 16). Photosynthesis peaked at 21 days of re­
growth and decreased after that. This may indicate that the 
optimum canopy distribution occurred at 21 days of regrowth 
and further increases in canopy shaded the lower leaves, re­
sulting in a decrease in the canopy photosynthetic ability. 
Table 14 indicates that leaf K did not fall below the criti­
cal level for K during regrowth and Table 16 indicates no 
photo synthetic response to applied K. Since a IC deficiency 
was not induced in the field, the effect of K deficiency on
54
Table 16. The effect of four levels of potassium fertilizer 
on photosynthesis of field alfalfa canopies during the first 
and second regrowth periods of 1976 and 1977. Each value is 
the mean of 1976 and 1977 measurements and two regrowth 
periods.
Days of Regrowth
Applied K 14 21 28 Mean
kg K 20/ha/y   mg C 0 2/dm2/h ---------------
0 10.11 10.71 9.99 10.27a*
112 12. 32 12.19 8 . 25 10.92a
224 11. 30 14. 69 13.59 13.19a
336 12. 90 14.17 1 1 . 06 12.71a
Mean 1 1 .66a 12. 94 10. 47a
*Means within a column or row followed by the same letter 
are not significantly different (P< 0.05) according to 
Duncan's multiple range test.
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field photosynthesis could not be measured.
Wolf e_t a l . (1976) demonstrated that increased rates of
applied K resulted in increased levels of herbage K and pho­
tosynthesis. A herbage K of 2.0% resulted in a 10% reduction 
in photosynthesis. It has been previously reported that a 
leaf K of 2.02% was the critical level and Wolf ejt a_l. (1976) 
suggested that the critical level for older leaves was 2.0%, 
but for younger leaves, the critical level was 2.4%. It was
also shown that an increase in LAI from 1.0 to 2.0 resulted
2
in a decrease in photosynthesis of 10.7 to 7.4 mg/dm leaf 
area/h. Shading of lower leaves decreased the photosynthetic 
rate of the total canopy.
Dark respiration of alfalfa canopies with increasing 
levels of applied K was not significantly affected (Table 
17). During the regrowth periods of both 1976 and 1977, dark 
respiration did not vary. Photorespiration, chlorophyll con­
tent and (RuBPc) was not affected by an increased rate of ap­
plied K (Table 18). The application of 448 kg I^O/ha did not 
significantly affect these three components of carbon dioxide 
metabolism in field grown alfalfa. Potassium deficiency was 
not noted in the alfalfa leaves and, therefore, no influence 
of K deficiency could be observed.
Greenhouse Investigation
Plant Growth. Plants supplied with 4.8 mM K maintained a 
vigorous growth rate with first bud occurring at approxi­
mately 20 day intervals. The first bud stage of plants
56
Table 17. The effect of four levels of potassium fertilizer 
on dark respiration of field grown alfalfa canopies during 
the first and second regrowth periods of 1976 and 1977.
Each value represents the mean of 1976 and 1977 measurements 
and both regrowth periods. Each mean within a row or column 
represents the mean of eight measurements.
Days of Regrowth
Applied K 14 28 Mean
kg K 20/ha/y  mg CC>2/dm2/h--------------
0 5.16 4.34 4.75a*
112 1.48 2.15 1 . 82a
224 1.71 1.88 1 . 80a
336 2.59 1.87 2. 23a
Mean 2.74 2.56a
*Means within a column or row followed by the same 
letter are not significantly different (P< 0.05) 
according to Duncan's multiple range test.
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Table 18. The effect of potassium fertilizer on photores­
piration, chlorophyll content and ribulose 1,5-biphosphate 
carboxylase activity of field grown alfalfa leaves. Each 






kg K 20/ha/y DPM/DPM mg/g uM/mg/h
0 8.15a* 4.43a 1.87a
448 8 . 93a 4. 02a 2 . 82a
*Means within a column followed by the same letter are not 
significantly different (P< 0.05) according to Duncan's 
multiple range test.
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supplied with 0.6 and 0.0 mM R was slightly advanced with 
first bud occurring at approximately 17 day intervals. Plant 
growth was suppressed in the 0.0 and 0.6 mM K plants. Al­
though visual symptoms of K deficiency were not apparent at 
the 0.6 mM K level, the plants did appear slightly stunted 
compared to the 4.8 mM K plants. Plants supplied with no K 
exhibited visual symptoms of K deficiency and a severe reduc­
tion in growth. Plant K in the 0.0 and 0.6 mM K plants was 
below the critical level for optimum growth (Table 19). 
'Hidden hunger' has been designated to indicate the plant 
responses observed at the 0.6 mM K level, that is, decreased 
growth with no visible symptoms of deficiency.
Development of the root structure of the 0.0 mM K plants 
was also reduced. The taproot was slightly stunted and fi­
brous root development appeared inhibited. Root development 
at the 0.6 and 4.8 mM K levels was similar and was vigorous 
with extensive development of fibrous roots.
Three distinct levels of K fertility were established in 
the hydroponic system; K sufficiency, mild K deficiency and 
severe K deficiency, 4.8, 0.6 and 0.0 mM K, respectively.
Gas Exchange. Leaf photosynthesis and photorespiration 
was significantly decreased by each decrease in substrate K 
(Table 19). These decreases were accompanied by significant 
decreases in leaf K. A concomitant decrease in photorespira­
tion indicates that the role of K in photosynthesis and pho­
torespiration may be similar. Dark respiration was signifi­
cantly increased in 0.0 and 0.6 mM plants compared to 4.8 mM
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Table 19. The effect of three levels of substrate potassium 
on carbon dioxide exchange and leaf potassium in alfalfa 
leaves. Each figure represents the mean of 20 measurements. 
Photosynthesis, dark respiration and leaf potassium were de­
termined on the same leaf and photorespiration was deter­









---------  mg/dm /h --------- DPM/DPM
0.0 1.28c* 11.88c 7.56a 4. 00c
0.6 1. 98b 21.72b 5.34a 5.87b
4.8 3. 84a 33.97a 3.06b 8 .96a
*Means within a column followed by the same letter are not 
significantly different ( P < 0 . 0 5 )  according to D u n c a n ’s 
multiple range test.
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K plants. An increase in dark respiration in connection with 
a decrease in photosynthesis would result in a net loss of 
carbon in severely and mildly K deficient alfalfa, compared 
to K sufficient plants. 'Hidden hunger' was further demon­
strated in the 0.6 mM plants by the absence of visual symp­
toms of deficiency and the significant decrease in photosyn­
thesis and photorespiration.
Further investigation of gas exchange determined that K 
deficiency increased both leaf and mesophyll resistance to 
carbon dioxide diffusion (Table 20). Leaf resistance was 
only significantly increased in severely K deficient plants, 
while mesophyll resistance was significantly increased in both 
severely and mildly K deficient plants.
Cooper ej: a_l. (1967) observed decreased photosynthesis in 
K deficient alfalfa leaves and an increase in photosynthesis 
with increased leaf K to 2.02%. Further increases in leaf K 
did not result in any further increase in photosynthesis. A 
significant increase in the carbon dioxide compensation point 
was also noted in K deficient plants. This may indicate an 
increase in photorespiration; however, no data was presented 
to indicate this. Photosynthetic fixation of carbon dioxide 
has also been shown to be reduced in K deficient corn (Estes 
et a l ., 1973; Koch and Estes, 1975; Peaslee and Moss, 1966; 
Smid and Peaslee, 1976; Tanaka and Hara, 1972), bean (Ozbun 
et a l . , 1965a; 1965b), tung (Loustalot ej: al^ . , 1950) and sugar 
beet (Terry and Ulrich, 1973a; 1973b).
A significant increase in dark respiration in K defi­
cient sugar beet was observed by Terry and Ulrich (1973a, b ) .
Table 20. The effect of three levels of substrate potassium 
on carbon dioxide diffusive resistances in alfalfa leaves. 
Each value represents the mean of 20 measurements.
Substrate Leaf Mesophyll
. Potassium Resistance Resistance




*Means within a column followed by the 
same letter are not significantly dif­
ferent (P*Z 0.05) according to Duncan's 
multiple range test.
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It was suggested that the increase in dark respiration was 
due to an increase in available substrates for the tricar­
boxylic acid cycle. Dark respiration has also been shown to 
be significantly increased in spinach (Bershstein e_t a l . , 
1971) and rice (Yamashita and Fujiwara, 1966) grown under K 
deficient conditions. In rice, the increase in dark respira­
tion was accompanied by an increase in organic acid metabo­
lism (Yamashita and Fujiwara, 1966). Initially, dark res­
piration in K deficient beans was increased, but after pro­
longed and severe K deficiency, dark respiration decreased 
(Ozbun e_t a_l. , 1965a, b) . This decrease after prolonged de­
ficiency was thought to be due to depletion of respiratory 
substrates due to decreased carbon dioxide fixation.
Koch and Estes (1975) determined that the decrease in 
photosynthesis in K deficient corn was due to an increase in 
stomatal diffusive resistance. The role of K in stomatal 
number and aperture size was also demonstrated in K deficient 
alfalfa (Cooper ej^  al^ . , 1967). In K deficient sugar beet, 
Terry and Ulrich (1973a, b) determined that increased stoma­
tal resistance did contribute to decreased photosynthesis and 
that mesophyll resistance was also significantly increased. 
Mesophyll resistance may be the primary resistance contribu­
ting to photosynthetic reductions in K deficient plants with 
stomatal resistance acting as a secondary effect.
Mesophyll Res is tance. Investigation of several compo­
nents of mesophyll resistance was initiated to determine the 
factor or factors increasing mesophyll resistance to carbon
63
dioxide diffusion. Photosystem I and II activity, total 
chlorophyll content and chlorophyll a to b ratio were not 
significantly affected by mild or severe K deficiency (Table 
21). Energy trapping by chlorophyll and transfer of the 
trapped energy by electron transport were not inhibited by K 
deficiency.
Ribulose 1,5-biphosphate carboxylase activity was signi­
ficantly reduced in a crude enzyme preparation from severe K 
deficient plants (Table 22). A mild K deficiency had no sig­
nificant effect on enzyme activity. It was determined that 
the addition of K ions to the reaction medium would not re­
store normal rates of enzyme activity in severely K deficient 
leaf extracts to normal rates (Table 23).
These data indicate that mesophyll resistance to carbon 
dioxide diffusion was increased by a decrease in apparent 
RuBPc activity in severely K deficient alfalfa leaves. It 
was also determined that K was not limiting RuBPc activity.
Baszynski e_t a_l. (1972) and Hall ejt a_l. (1972) also ob­
served no effect of K deficiency on photosystem I and II ac­
tivity of isolated chloroplasts. Spencer and Possingham 
(1960) did show that K deficiency would inhibit the Hill 
reaction in isolated chloroplasts. Satoh e_tj a_l. (1974) de­
monstrated a reduction in photosystem I activity in K defi­
cient spinach; but the Hill reaction was not affected. Chlo­
rophyll content of rice (Watanabe and Yoshida, 1970) and corn 
(Baszynski ejt a_l. , 1972 ; Repka e_t a_l. , 1971) grown under K 
deficient conditions were not affected. Potassium deficiency
Table 21. The effect of three substrate levels of potassium on photosystem I and 
II activity and chlorophyll content of alfalfa leaves. Each value represents the 











mM uM acceptor reduced / mg Chl/h mg/g mg/mg
0.0 238a* 282a 1. 75a 2 .6a
0 . 6 262a 294a 1.92a 2 . 9a
4.8 241a 285a 1.90a 2 .8a
*Means within a column followed by the same letter are not significantly 
different (P< 0.05) according to Duncan's multiple range test.
Table 22. The effect of three substrate levels of potas 
sium on the activity of a crude rlbulose 1,5-biphosphate 
carboxylase extract from alfalfa leaves. Each value rep 






4.8 6 . 06b
*Means within a column followed 
by the same letter are not sig­
nificantly different (P< 0.05) 




Table 23. The effect of K addition to ribulose 1,5-biphos­
phate carboxylase extracts from potassium deficient alfalfa 




0 . 01 1. 78a




1 0 . 00 1. 85a
*Means within a column followed 
by the same letter are not sig­
nificantly different (P< 0.05) 
according to Duncan's multiple 
range test.
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reduced the activity of phosphoenol pyruvate carboxylase in 
sweet potato leaves (Tomas £t a^l. , 1959). This reduction in 
activity could not be restored to normal rates by the addi­
tion of K to the reaction mixture. This indicated that K was 
not a cofactor for phosphoenol pyruvate carboxylase activity.
Laboratory Investigation
Potassium deficiency did not significantly affect the 
activity of purified RuBPc from alfalfa leaves (Table 24). 
Table 22 indicated that K deficiency would reduce the acti­
vity of a crude RuBPc extract. A reduction in the level of 
RuBPc in the crude enzyme extract was suggested as the reason
for the difference between the crude and purified enzyme re-
14sponse. A reduction in C-leucine incorporation into RuBPc
in K deficient leaflets indicated that RuBPc synthesis was
suppressed in the absence of K (Table 25). The addition of
K ions to the reaction medium stimulated the incorporation of 
14
C-leucine into RuBPc. The fact that K addition to the 
14medium stimulated C-leucine incorporation further suggests 
that K was involved in RuBPc synthesis.
Incubation of K sufficient leaflets in the dark inhi­
bited the incorporation of ^ C - l e u c i n e  into RuBPc (Table 26).
Since RuBPc requires light for synthesis, the incorporation 
14of C-leucine was considered as an accurate measure of RuBPc 
synthesis. Since RuBPc has a long half life (Woolhouse,
1967), the reduction in incorporation was considered a reduc­
tion in synthesis and not increased degradation.
Table 24. The effect of potassium deficiency on the activity 
of purified ribulose 1,5-biphosphate carboxylase in alfalfa 






*Means within a column fol­
lowed by the same letter are 
not significantly different 
(P< 0.05) according to D u n ­
can's multiple range test.
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+ 14Table 25. The effect of K on incorporation of C-leucine
into ribulose 1,5-biphosphate carboxylase in leaves of po­
tassium deficient alfalfa. Each value represents the mean 
of four measurements.
KN°3 14 C-leucine incorporation
mM DPM/mg RuBPc/24h
Control^ 655.5a*
10 . 00 525.9b
1 . 00 274.2c
0.10 219.8cd
0 . 01 166.6de
0 . 00 99. 4e
*Means within a column followed by the 
same letter are not significantly dif­
ferent (P<0.05)  according to Duncan's 
multiple range test.
Normal leaflets were obtained from po­
tassium sufficient plants.
14Table 26. The effect of light on the incorporation of C- 
leucine into ribulose 1,5-biphosphate carboxylase in leaves 
of potassium sufficient alfalfa plants. Each value repre­
sents the mean of four measurements.




*Means within a column followed by the same 
letter are not significantly different 
(P <0. 0 5 )  according to Duncan's multiple range 
test.
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14To ascertain if the K stimulated incorporation of C- 
leucine reflected d_e novo synthesis, actinomycin D, an inhi­
bitor of DNA dependent RNA synthesis, and cycloheximide, a 
protein synthesis inhibitor, were added to the reaction m e ­
dium. In the presence .of 67 ug/ml actinomycin D or 17 ug/ml
14cycloheximide, incorporation of C-leucine was suppressed 
(Table 27). These data indicated that the mechanism by which 
K stimulated RuBPc synthesis apparently involves, both DNA 
dependent RNA synthesis and subsequent protein synthesis. 
Similar results have been obtained from the role of zinc in 
the formation of RuBPc in beans (Jyung and Camp, 1976).
Table 28 indicates the effect of K deficiency on the total 
content of RuBPc in alfalfa leaves. Potassium deficiency 
significantly reduced the level of RuBPc, compared to K suf­
ficient leaves. This further indicated that K deficiency 
inhibits the synthesis and subsequent level of RuBPc in 
alfalfa.
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Table 27. The effect of metabolic inhibitors on the potas­
sium stimulated incorporation of l^C-leucine into ribulose 
1,5-biphosphate carboxylase in leaves from potassium defi­





10 mM K 525.9a*
10 mM K + Actinomycin D 32.3b
10 mM K + Cycloheximide 51.4b
*Means within a column followed by the same letter 
are not significantly different (P< 0.05) according 
to Duncan's multiple range test.
73
Table 28. The effect of potassium deficiency on total con­
tent of ribulose 1,5-biphosphate carboxylase in leaves of 
alfalfa. Each value represents the mean of 13 measurements.
Substrate
Potassium RuBPc Content
mM mg/g fresh wt.
0.0 2.8 8a*
4.8 1. 29b
*Means within a column followed by 
the same letter are not signifi­
cantly different (P < 0.05) accor­
ding to Duncan's multiple range 
test.
SUMMARY AND CONCLUSIONS
The information obtained in the field investigation in­
dicates that on a Hollis-Charlton sandy loam, the potassium 
supplying power of the soil was great enough to maintain a 
high yielding alfalfa crop for three years in the absence of 
potassium fertilizer. Potassium deficiency was not observed 
in the herbage during this investigation and soil exchange­
able potassium was only decreased following the third year. 
Canopy development and carbon dioxide metabolism was not af­
fected by decreased rates of applied potassium. This inves­
tigation further indicated the necessity of future research 
concerning the supplying power of New Hampshire soils, its 
relationship to the growth and yield of alfalfa, and the 
length of time required to deplete the potassium reserves.
The greenhouse investigation indicated that potassium 
deficiency decreased photosynthesis in alfalfa leaves. A 
concomitant decrease in photorespiration in potassium defi­
cient leaves was also observed, indicating that the mechanism 
responsible for reduced photosynthesis may also be affecting 
photorespiration. Dark respiration of potassium deficient 
leaves was significantly increased over the rates of normal 
leaves. Leaf and mesophyll resistances to carbon dioxide 
diffusion were significantly increased in potassium deficient 
leaves. Mesophyll resistance of mildly deficient leaves was 
increased while leaf resistance was not affected. This may 
indicate that while leaf resistance contributes to reduced 
photosynthesis during severe deficiency, mesophyll resistance
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is the primary factor limiting photosynthesis under mild po­
tassium deficiency.
Investigation of the components of mesophyll resistance 
which may influence its degree of resistance indicated that 
photosystem I and II activity and the potential for energy 
trapping by chlorophyll were not affected by potassium defi­
ciency. The primary step in the dark reaction of photosyn­
thesis, carbon fixation, was significantly reduced by potas­
sium deficiency. This may indicate that carbon fixation is 
the primary biochemical step which increases mesophyll resis­
tance to carbon dioxide diffusion during potassium defi­
ciency. Carbon dioxide would tend to build up within the 
leaves due to reduced fixation and could then cause a reduc­
tion in the diffusion of carbon dioxide into the leaf.
The laboratory investigation was designed to determine 
if ribulose 1,5-biphosphate carboxylase activity or synthe­
sis was affected by potassium deficiency in alfalfa leaves. 
The results indicated that synthesis, rather than activity 
of ribulose 1,5-biphosphate carboxylase was suppressed. A 
reduction in ribulose 1,5-biphosphate carboxylase in potas­
sium deficient leaves could be responsible for the observed 
reductions in photosynthesis and photorespiration in the 
greenhouse grown plants. Further research is required to 
more fully investigate the role of potassium in ribulose 1,5- 
biphosphate carboxylase synthesis to better understand the 
role of potassium in photosynthesis.
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